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1 Executive summary and conclusion 

DHI provides independent performance evaluation testing to manufacturers of ballast water 
management systems. DHI’s quality assurance project plan is consistent with the requirements 
of the International Convention for the Control and Management of Ships Ballast Water and Sed-
iments.  

From June 2012 through January 2013, DHI conducted shipboard tests of the BIO-UV ballast wa-
ter management system BIO-SEA in accordance with DHI’s certification by Lloyd’s Register veri-
fied by Bureau Veritas. The ability of BIO-SEA to (a) successfully treat ballast water without in-
terruption and (b) meet IMO D-2 discharge standards was evaluated during a series of three 
valid test cycles. 

The first test cycle #1 was conducted in the Port of Shanghai, China, in June 2012 where the 
source water was fresh (< 3 practical salinity units, PSU) and the water temperature was 26°C. 

Discharge operation was due to security reasons performed by the vessels crew without the 
possibility of a second treatment and sampling of discharge water. The first test was thus con-
sidered unsuccessful and three further test cycles had to be performed. The second test cycle 
was performed in the port of Tanjung Pelepas, Malaysia, in December 2012 at a salinity of >30 
PSU and water temperature of 30°C. The two remaining test cycles were conducted in Australia 

in January 2013 in the port of Brisbane and the port of Melbourne, respectively, at salinities of 
34-37 PSU and water temperatures of 22-27°C. 

The average densities of viable organisms in the ≥50 µm size class in the inlet water varied from 
approx. 5,000 to approx. 175,000 organisms/m3. For the size class ≥10 and <50 µm, the average 
densities in the inlet water in the three test cycles (#2, #3 and #4) were 85, 503 and 783 organ-
isms/mL. In test cycle #2, the average density of the organisms in the size class ≥10 and <50 µm 
in the inlet water was 85 organisms/mL which is below the required density of 100 or-
ganims/mL for a valid test cycle. To further examine the density of smaller planktonic organ-
isms in the inlet water between 6-9 µm in the minimum dimension were enumerated. The den-
sity of organisms between 6-9 µm in the inlet water was 33 organisms/mL which implies that 
the total density (size class 6-10 µm and 10 to <50 µm) was 118 organisms/mL. This total densi-
ty corresponded well with the density of autrotrophic organisms  determined by a re-growth as-
say, which included all photosynthetic algae regardless of size. The density of autrotrophic or-
ganisms determined by the re-growth assay was >160 organisms/mL. Although the inlet water 
density of organisms/mL in the size class  ≥10 and <50 µm was below the validity criterion in 
the IMO G8 guidelines, the total density of organisms was sufficient for the performance evalua-
tion of the BWMS and thus test cycle #2 is considered valid. 

The contents of E. coli were generally low and enterococci were hardly detected. For shipboard 
testing, there are no requirements in the IMO G8 guidelines in relation to the density of bacteria 
in the inlet water. 

In the treated discharge water, the numbers of viable organisms in the ≥50 µm size class were 
respectively 1.5, 2.1 and 2.6 organisms/m3 in the three test cycles #2, #3 and #4. The numbers 
of viable organisms in the ≥10 and <50 µm size class in the treated discharge water were 0.7, 0.4 
and 1.7 organisms/mL in test cycles #2, #3 and #4 when determined by direct counting after vi-
tal staining with CMFDA/FDA. Densities of viable algae in the treated discharge water were de-
termined to be <0.18,0.45 and 0.28 organisms/mL when viability was determined by use of the 
re-growth assay. In the treated discharge water, the average contents of E. coli and enterococci 
were below the detection limit in all three test cycles. Vibrio cholerae was not identified in any of 
the test cycles. 

The BIO-SEA functioned properly during all three test cycles #2, #3 and #4 and effectively re-
duced live organism densities. Live organisms in the size classes defined in the IMO G8 guide-
lines (MEPC.174(58) (G8)) were discharged at densities below the IMO D-2 standard. 
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2 Introduction 

The objective of this project was to conduct a shipboard test of the BIO-UV ballast water man-
agement system BIO-SEA in accordance with the guidance given in Resolution MEPC.174(58), 
Guidelines for approval of ballast water management systems (G8) (IMO, 2008), hereafter re-
ferred to as the IMO G8 guidelines. 

DHI holds a certificate of compliance issued by Lloyd’s Register. The acting classification society 
for the shipboard test of the BIO-UV ballast water management system (BWMS) BIO-SEA was 
Bureau Veritas (BV). 

DHI has no involvement, intellectual or financial, in the mechanics, design or marketing of the 
BWMS whose performance has presently been evaluated. To ensure that DHI tests are uncom-
promised by any real or perceived individual or team bias relative to test outcomes, DHI test ac-
tivities are subject to rigorous quality assurance, quality control procedures and documentation. 

During the shipboard testing campaigns, a BIO-SEA ballast water treatment unit with automatic 
filtration and UV light reactors with nominal flow capacities of up to 1000 m3/h was tested. The 
BIO-SEA installation consisted of ten UV light reactors in order to match the pump capacity of 
the vessels ballast pumps.  

During three consecutive valid test cycles, the BIO-SEA was evaluated for its ability to: (a) suc-
cessfully treat ballast water without interruption and (b) meet IMO D-2 standard at discharge.  

3 Testing laboratory 

DHI is an independent, international consulting and research organisation with the objectives to 
advance technological development and competence within the fields of water, environment 
and health.  

The shipboard test was carried out by: 

DHI 
Agern Allé 5 
DK-2970 Hørsholm 
Denmark 

4 Ballast water management system 

A description of the BWMS BIO-SEA as provided by BIO-UV is included in the quality assurance 
project plan (QAPP) in Appendix C.  

The four test cycles were conducted with a Filtrex (40 µm mesh) filter.  

5 Experimental design 

5.1 Trial periods and locations 

The shipboard test was conducted on-board the CMA CGM container vessel MOZART (IMO 
9280615). CMA CGM MOZART is a container ship from 2004. CMA CGM MOZART is a Bureau 
Veritas class general container ship registered in France. During the shipboard testing period, 
the CMA CGM MOZART was in regular route. The BWMS BIO-SEA was installed in the engine 
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room of the ship. For the shipboard testing, the ballast tank pair 7 were used for treated water 
and the ballast tank pair 4 was used for control water. The individual tests with the BWMS BIO-
SEA were conducted as presented in Table 5.1.  

Table 5.1 Details for inlet and discharge operations for shipboard test cycles. The time indicat-

ed reflects the local time. 

Test  

cycle 

Ballast-

Location 
Operation Inlet 

Volume 

and flow 

rate 

Discharge 

Volume 

and flow 

rate 

BIO-SEA 
Test#1 

Shanghai 

Control 
2012.06.26 

10:31-11:04 
580 m3 

990 m3/h 

2012.06.27 
Approx. 

22:00 

No sam-
pling per-

formed 

Treatment 
2012.06.26 

15:00-15:32 
470 m3 

990 m3/h 

2012.06.27 
Approx. 

22:00 

No sam-
pling per-

formed 

BIO-SEA 
Test#2 

Tanjung 
Pelepas 

Control 
2012.12.05 

17:20-17:55 

474 m3 
908; 770; 
762 m3/h 

2012.12.06 
23:50-0:30 

425 m3 
580; 670; 
661 m3/h 

Treatment 
2012.12.05 

20:55-22:30 

1461 m3 
951; 917; 
901 m3/h 

2012.12.06 
22:40-23:40 

889 m3 

915; 900; 
853 m3/h 

BIO-SEA 
Test#3 

Brisbane, 
Australia 

Control 
2013.01.19 
10:25-10:56 

549 m3 
806; 816; 
788 m3/h 

2013.01.21 
09:43-10:25 

485 m3 
702; 692; 
685 m3/h 

Treatment 
2013.01.19 
11:35-12:40 

913 m3 
850; 836; 
844 m3/h 

2013.01.21 
08:38-09:18 

552 m3 
842; 825; 
819 m3/h 

BIO-SEA 
Test#4 

Melbourne, 
Australia 

Control 
2013.01.24 
14:25-15:28 

926 m3 
876; 890; 
879 m3/h 

2013.01.26 
10:17-10:58 

459 m3 
690; 681; 
645 m3/h 

Treatment 
2013.01.24 
15:47-17:10 

1.154 m3 
886; 820; 
796 m3/h 

2013.01.26 
09:17-10:03- 

637 m3 
849; 820; 
823 m3/h 

 
 Inlet water: The ballast operations were all performed in the described ports. Physical-

chemical and biological parameters in the inlet water were considered as sufficiently stable 
during the ballasting, and, thus, only one set of samples and analyses was used to represent 
the control tank and the ballast tank 

 Discharge control water: Stored without treatment from the time of ballasting to dis-
charge 

 Discharge treated water: Treated and stored from the time of ballasting to discharge 

5.2 Sampling 

5.2.1 Sample overview 
All samples were collected by DHI staff in accordance with the description in the QAPP (Appen-
dix C). 
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Table 5.2 Number of samples and sample volumes 

Water type Sample replicates Sample volume per replicate 

Inlet water 3 replicates 

Organisms ≥50 µm: >1 m3 * 

Organisms ≥10 and 50 µm: >2 L ** 

Bacteria: >0.5 L **  

DOC + POC: Approx. 0.5 L ** 

TSS: Approx. 0.5 L ** 

Control discharge water 3 replicates 

Organisms ≥50 µm: >1 m3 * 

Organisms ≥10 and 50 µm: >2 L ** 

Bacteria: >0.5 L ** 

DOC + POC: Approx. 0.5 L ** 

TSS: Approx. 0.5 L ** 

Treated discharge water 

3 replicates Organisms ≥50 µm: >3 m3 * 

3 × 3 replicates Organisms ≥10 and 50 µm: >2 L ** 

3 × 3 replicates Bacteria: >0.5 L ** 

3 replicates DOC + POC: Approx. 0.5 L ** 

3 replicates TSS: Approx. 0.5 L ** 

* Samples collected by continuous flow during the entire period of intake or discharge; this continuous sampling of 
3 replicates, each with a volume >3 m3, provides the same statistical basis for counting as the sampling of 3 × 3 

replicates of >1 m3, which is recommended in the IMO G8 guidelines 
** Samples collected over the period of intake or discharge (start, middle and end) 
DOC Dissolved organic carbon 

POC Particulate organic carbon 
TSS Total suspended solids 

5.2.2 Samples for enumeration of organisms ≥50 µm 
Three replicates were collected by parallel continuous sampling during the entire periods of in-
let and discharge. The samples were gently filtered through a net with a mesh size of 35 µm and 
a reservoir (cod-end) at the bottom for collecting the organisms ≥50 µm. Each replicate was 
transferred to 1-L glass bottles. The total volume of the filtered sample exceeded 3 m3 per repli-
cate for the treated discharge samples and 1 m3 per replicate for the inlet and control discharge 
samples. The exact sample volume for each of the three replicates was determined by use of 
three flow meters that were connected to the relevant sampling ports installed in the system. 

5.2.3 Samples for enumeration of organisms ≥10 µm and <50 µm 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 × 3 
replicates for the treated discharge water) with a volume of at least 1 L were collected in poly-
ethylene containers. 

5.2.4 Samples for enumeration of bacteria 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 × 3 
replicates for the treated discharge water) with a volume of at least 0.5 L were collected in ster-
ile polyethylene containers. 

5.2.5 Samples for DOC, POC and TSS analyses 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 rep-
licates for the treated discharge water) of at least 0.5 L were collected in heat-sterilized blue cap 
bottles for analysis of DOC and POC. For TSS analysis, samples with a volume of approx. 0.5 L 
were collected in polyethylene containers. 
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5.3 Analyses 

5.3.1 Analysis overview 

Table 5.3 Overview of analyses and sample replicates 

Replicate 

Te
m

p
e

ra
tu

re
 

S
a

li
n

it
y

 

≥
 5

0
 µ

m
 

1
0

-5
0
 µ

m
, 

M
ic

ro
sc

o
p

y
 

1
0

-5
0
 µ

m
, 

R
e

-g
ro

w
th

 

B
a

c
te

ri
a

 

D
O

C
 +

 P
O

C
 

TS
S
 

Inlet water 

Replicate 1 (start) 1 1 Three 
repli-
cates 

1 1 1 1 1 

Replicate 2 (mid) 2 2 2 2 2 2 2 

Replicate 3 (end) 3 3 3 3 3 3 3 

Control discharge water 

Replicate 1 (start) 1 1 Three 
repli-
cates 

1 1 1 1 1 

Replicate 2 (mid) 2 2 2 2 2 2 2 

Replicate 3 (end) 3 3 3 3 3 3 3 

Treated discharge water 

Replicate 1-3 (start) 1 1 Three 
repli-
cates 

1 1-3 1-3 1 1 

Replicate 4-6 (mid) 4 4 4 4-6 4-6 4 4 

Replicate 7-9 (end) 7 7 7 7-9 7-9 7 7 

DOC Dissolved organic carbon 
POC Particulate organic carbon 
TSS Total suspended solids 

All analyses were carried out in accordance with the QAPP + Amendment No. 1 (Appendix C) 
and the relevant standard operating procedures (DHI SOPs). Samples were processed on-board 
the vessel within 4 hours from the time of sampling.  

Table 5.4 Sample storage temperature from sampling to analysis 

Sample 

Storage temperature (C) 

From sampling 

to handling on 

board (<4h) 

Storage on board  

(up to 48 h) 

Shipment to DHI  

(up to 72 h)  

Organisms ≥50 µm 20-25 -* -* 

Organisms ≥10 and < 50 µm 
(CMFDA/FDA) 

20-25 5 5-15 

Organisms ≥10 and < 50 µm 
(Re-growth) 

20-25 20-25 5-15 

Organisms ≥10 and < 50 µm 
(Lugol’s solution) 

20-25 5 5-15 

Bacteria 20-25 -* -* 

POC, DOC, TSS 20-25 5 5-15 

* No storage of samples; the analyses were initiated and completed on location 

5.3.2 Organism size class ≥50 µm 
The concentrations of viable organisms ≥50 µm in the samples were determined by using a ste-
reo microscope and a counting chamber. Viable organisms were determined on the basis of ob-
served mobility and morphology according to DHI SOP 30/1700. The viable organisms were 
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characterized according to broad taxonomic groups. Compliance with the IMO D-2 standard 
(IMO, 2004) was verified by using the direct count of viable organisms ≥50 µm. 

5.3.3 Organism size class ≥10 µm and <50 µm 
The polyethylene container with a volume of 2.5 L was gently turned upside down five times, af-
ter which subsamples were taken for the analyses described below. 

Organisms in inlet water 
The concentrations of organisms in the size class ≥10 and <50 µm were determined by inverted 
microscopy. Subsamples with a volume of approx. 100 mL were transferred from the inlet water 
samples to brown 100-mL glass bottles. The subsamples were preserved by addition of Lugol’s 
solution to achieve 2% final concentration. The subsamples were sealed and kept in the dark at 
approx. 5C during storage on-board the vessel and transported to the DHI laboratory by couri-
er. The organisms identified in the inlet water were assumed to be viable at the time of sam-
pling. The identification comprised detailed examination of the algal chloroplasts to confirm that 
the organisms had been alive and classification of the algae in major taxonomic groups. 

One subsample per replicate, with a volume of approx. 10 mL, was transferred to 10-mL poly-
ethylene tubes with screw-caps. The concentrations of viable algae were determined by use of a 
re-growth assay by use of the most probable number (MPN) technique. A dilution series was 
made for each replicate and 1 mL-aliquots containing 1 mL, 0.1 mL and 0.01 mL of the subsam-
ple were added to series of five test tubes with 5 mL of liquid medium. Blank controls containing 
5 mL of liquid medium without sample were also prepared. The test tubes were sealed and kept 
in the dark at ambient temperature during storage on-board the vessel and transported to the 
DHI laboratory by courier. The fluorescence of the test tubes was determined prior to the incu-
bation. The concentrations of viable algae in the samples were determined by measuring the 
fluorescence in the test tubes after 14 days of incubation under continuous light. Incubation 
temperatures were in the range 23-29°C dependent on the ambient temperature during ballast 

operation.  

Organisms in discharge water 
The concentrations of viable algae in the control discharge water and the treated discharge wa-
ter were determined by use of the re-growth assay as described above.  

Furthermore, viable organisms in the ≥10 µm and <50 µm size class were determined by vital 
staining with chloromethylfluorescein diacetate (CMFDA) and fluorescein diacetate (FDA) solu-
tion. Subsamples with a volume of approx. 200 mL were transferred from the control and treat-
ed discharge water samples to brown 200-mL glass bottles. The subsamples were sealed and 
kept in the dark at approx. 5C during storage on-board the vessel and transported to the DHI 
laboratory by courier. CMFDA and FDA was added to a subsample and after incubation, the sub-
sample was examined by use of a microscope under epifluorescence. Organisms labelled by ei-
ther CMFDA or FDA were considered viable as described in DHI SOP 30/1701.  

5.3.4 Bacteria 
The concentrations of E. coli and enterococci were determined by diluting the samples with a 
special microplate diluent (1:1), after which the samples were distributed in a specific 96-wells 
test kit for either E. coli or enterococci (BIO-RAD, MUG/MUD kits for E. coli or enterococci quan-
tification). The inoculated test kits were incubated for 36 hours at 44°C (42°C to 44.5°C), after 

which positive wells were used to calculate the most probable numbers. 

Samples for detection of Vibrio cholerae were filtered through a 0.45-µm filter. The filters were 
stored in the dark at ambient temperature in sterile polyethylene tubes and transported to the 
DHI laboratory by courier. On arrival at the laboratory, the filters were submerged into alkaline 
saline peptone water for two selective enrichments. The cultures obtained by the enrichments 
were used for inoculation of agar plates. Following 24 hours of incubation at 37 ± 1°C, the mor-

phology of the colonies on the agar plates was inspected. In case of Vibrio cholerae positive re-
sults, further identification is performed by Statens Serum Institute (SSI), Denmark. 
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5.3.5 Physical-chemical parameters 
Dissolved oxygen, salinity, temperature and pH were measured by use of portable multi param-
eter instrument equipped with electrodes. In test cycles # 1, #3 and #4 (Table 5.1), turbidity 
was also measured. Measurements were conducted at regular intervals throughout the inlet and 
discharge operations. Turbidity was not measured in test cycle #2. 

Samples for determination of organic carbon content were filtered through a 0.45-µm syringe 
filter. By using a TOC analyser, the TOC was determined by analysis of non-filtered samples 
whereas the dissolved organic carbon (DOC) was determined by analysis of filtered samples. 
The particulate organic carbon (POC) was calculated as the difference between TOC and DOC. 

Samples for determination of total suspended solids (TSS) were filtered through a glass fibre fil-
ter, which had already been weighed in the laboratory, and the TSS was determined by weighing 
of filters containing sample after drying at 105°C. 

6 Results 

6.1 Physical-chemical parameters 

For the BIO-SEA system, the physical-chemical conditions of inlet and discharge waters for test 
cycles are summarized in Tables 6.1 and 6.2. Onsite measurement data are also available in the 
data logging in Appendix A. Detailed data on TSS, POC and DOC are available in Appendix B. 

Table 6.1 Average concentrations of total suspended solids (TSS), particulate organic 

carbon (POC) and dissolved organic carbon (DOC) 

Test 

cycle 
Water type 

TSS  

(mg/L) 

POC  

(mg/L) 

DOC  

(mg/L) 

BIO-SEA 
Test#1 

Inlet water 145 1.9 2.4 

Treated water (T0) n.d. n.d. n.d. 

Control discharge water n.d. n.d. n.d. 

Treated discharge water n.d. n.d. n.d. 

BIO-SEA 
Test#2 

Inlet water 77 1.1 0.32 

Treated water (T0) 44 n.d. n.d. 

Control discharge water 8.3 0.54 0.52 

Treated discharge water 43 0.85 0.29 

BIO-SEA 
Test#3 

Inlet water 14 0.46 1.2 

Treated water (T0) 19 n.d. n.d. 

Control discharge water 15 <0.1 1.3 

Treated discharge water 15 <0.1 1.2 

BIO-SEA 
Test#4 

Inlet water 17 <0.1 1.1 

Treated water (T0) 16 <0.1 n.d. 

Control discharge water 13 <0.1 0.85 

Treated discharge water 24 <0.1 0.79 

n.d. Not determined 
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Table 6.2 Average measurements of oxygen (O2), salinity, temperature, pH, UV 

transmittance (UVT) and turbidity 

Test 

cycle 
Water type 

O2  

(%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

UVT 

(%) 

Turbidity 

(NTU) 

BIO-SEA 
Test#1 

Inlet water 95 0.2 26.4 7.5 49 83 

Control discharge water n.d. n.d. n.d. n.d. n.d. n.d. 

Treated discharge water n.d. n.d. n.d. n.d. n.d. n.d. 

BIO-SEA 
Test#2 

Inlet water 64 31 29.9 7.8 83 n.d. 

Control discharge water 75.8 31 29.9 7.8 92 n.d. 

Treated discharge water 87.1 30 30.5 7.7 92 n.d. 

BIO-SEA 
Test#3 

Inlet water 81.3 36.8 27.6 8.0 92 6.8 

Control discharge water 72.9 36.4 25.3 7.9 94 3.1 

Treated discharge water 81.3 36.7 26.9 7.9 98 3.3 

BIO-SEA 
Test#4 

Inlet water 77.8 34.3 22.0 7.9 87 5.5 

Control discharge water 75.7 34.4 19.5 7.8 90 5.5 

Treated discharge water 73.4 34.1 21.3 7.8 89 3.9 (15.2*) 

PSU Practical salinity units 

NTU Nephelometric turbidity units 
UVT UV transmittance 
* One replicate (FR3) was exstremely high (15.2) 

n.d. Not determined 

6.2 Biological parameters  

The densities of live organisms in the inlet and control discharge water were in accordance with 
the IMO G8 guidelines (IMO, 2008) in all test cycles. Detailed data from the biological efficacy 
analyses are available in Appendix B. 

6.2.1 Organism size class ≥50 µm  
The average densities of viable organisms in the ≥50 µm size class varied from approx. 5,000 to 
175,000 organisms/m3 in the inlet water and from approx. 6,500 to 48,000 organisms/m3 in the 
control discharge water (Table 6.3).  

Table 6.3 Total sample volumes and average concentrations of viable organisms in the size 

class ≥50 µm. Detailed data and individual sample volumes are provided in 

Appendix B. 

Test cycle 

Inlet water Control 

discharge water 

Treated 

discharge water 

Total sam-

ple volume  

(m3) 

Organ-

isms/m3 

Total sam-

ple volume  

(m3) 

Organ-

isms/m3 

Total sample 

volume  

(m3) 

Organ-

isms/m3 

BIO-SEA Test#1 3.570 12,694 n.d. n.d. n.d. n.d. 

BIO-SEA Test#2 3.244 25,997 3.094 13,997 9.451 1.6 

BIO-SEA Test#3 3.162 5,424 3.229 6,648 9.601 2.1 

BIO-SEA Test#4 3.958 175,047 3.448 48,088 9.854 2.6 

IMO G8 ≥3 ≥100 ≥3 ≥10 ≥9 <10 

In the treated discharge water, the numbers of viable organisms in the ≥50 µm size class varied 
from 1.6 to 2.6 organisms/m3.  
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6.2.2 Organism size class ≥10 and <50 µm 

For the size class ≥10 and <50 µm, the average densities in the inlet water in the three test cy-
cles (#2, #3 and #4) were 85, 503 and 783 organisms/mL. In test cycle #2, the average density 
of the organisms in the size class ≥10 and <50 µm in the inlet water was 85 organisms/mL 
which is below the required density of 100 organims/mL for a valid test cycle. To further exam-
ine the density of smaller planktonic organisms in the inlet water, organisms between 6-9 µm in 
the minimum dimension were enumerated. The density of organisms between 6-9 µm in the in-
let water was 33 organisms/mL which implies that the total density (size class 6-10 µm and 10 
to <50 µm) was 118 organisms/mL (Table 6.4). This total density corresponded well with the 
density of autotrophic organisms determined by the re-growth assay, which included all auto-
trophic organisms regardless of size. The density of organisms determined by the re-growth as-
say was >160 organisms/mL. Although the inlet water density of organisms/mL in the size class 
≥10 and <50 µm was below the validity criterion in the IMO G8 guidelines, the total density of 
organisms was sufficient for the performance evaluation of the BWMS and thus test cycle #2 is 
considered valid.  

Evaluation of viable organisms in the ≥10 µm and <50 µm size class by vital staining with 
chloromethylfluorescein diacetate (CMFDA) and fluorescein diacetate (FDA) solution showed a 
considerable decrease in the number of viable organisms. In the treated discharge water, the 
average numbers of viable organisms in the ≥10 µm and <50 µm size class varied from 0.7 to 1.7 
organisms/mL. For the control discharge water samples, the average densities of organisms in 
the size class ≥10 and <50 µm were 10.2, 239 and 209 organisms/mL in test cycles #2, #3 and 
#4 (Table 6.4). 

The re-growth of algae in the treated discharge water was below the detection limit of the assay 
of 0.18 organisms/mL in test cycle #2. In test cycles #3 and #4, the average densities of viable 
algae determined by the re-growth assay were 0.45 and 0.28 organisms/mL, respectively (Table 
6.4). Detailed data are provided in Appendix B.  

Table 6.4 Average concentrations of viable organisms in the size class ≥10 µm and <50 µm. *, 

number in parenthesis represents viable organisms with the size 6-9 µm. Detailed 

data are provided in Appendix B.  

Test cycle Water type 
Microscopy  

(organisms/mL) 
Re-growth 

(organisms/mL) 

BIO-SEA Test#1 

Inlet water 158 >160 

Control discharge water n.d. n.d. 

Treated discharge water n.d. n.d. 

BIO-SEA Test#2 

Inlet water 85 (+35)* >160 

Control discharge water 10.2 >153 

Treated discharge water 0.70 <0.18 

BIO-SEA Test#3 

Inlet water 503 >160 

Control discharge water 239 >160 

Treated discharge water 0.33 0.45 

BIO-SEA Test#4 

Inlet water 783 >160 

Control discharge water 209 >160 

Treated discharge water 1.7 0.28 

IMO G8 

Inlet water ≥100 ≥100 

Control discharge water ≥10 ≥10 

Treated discharge water <10 <10 



DHI  
 

 

EAT/11812218/ Performance evaluation in shipboard test of the BIO-UV ballast water management system BIO-SEA /2013.03.14 11 
 

Table 6.5 Algal species identified in inlet water and their capability for growth under the 

conditions applied in the re-growth assay. 

Groups and species 
BIO-SEA 

Test #2 

BIO-SEA 

Test #3 

BIO-SEA 

Test #4 

Capable to 

grow in re-

growth as-

say 

Bacillariophyceae 

Chaetoceros affinis  X X X 

Chaetoceros compressus   X  

Chaetoceros decipiens  X  X 

Cyclotella stelligera   X  

Leptocylindrus minimus   X X 

Nitzschia longissima/Cylindrotheca X X  X 

Paralia sulcata   X  

Phaeodactylum tricornutum X   X 

Pinnularia sp.  X  X 

Porosira glacialis  X  X 

Rhizosolenia delicatula  X   

Rhizosolenia setigera  X   

Skeletonema costatum X X X X 

Thalassiosira augusta-lineata  X X X 

Thalassiosira baltica  X X X 

Dictyocophyceae 

Dictyocha speculum   X  

Dinophyceae 

Ceratium fusus  X  X 

Glenodinium berghii   X  

Heterocapsa triquetra   X X 

Oblea rotunde   X  

Peridinium umbonatum  X   

Prorocentrum lima  X   

Prorocentrum micans  X  X 

Protoperidinium sp.  X   

Pyrocystis fusiformis  X   

Euglenophyceae 

Trachelomonas plantonica   X  

Growth under the conditions applied in the re-growth assay has been confirmed for 100%; 63% 
and 54%, respectively, of the algal species identified in the inlet water in test cycles #2, #3 and 
#4 (Table 6.5).  

UV irradiation causes damage of the DNA in the cells and it may take several days before the cell 
membrane is disrupted and the enzyme activity stops (Stehouwer et al., 2010, Liltved et al., 
2011; Liebich et al., 2012; Martinez et al., 2013). Enumeration of algae by use of the re-growth 
assay is directly related to growth over a certain time period. The ability of algal species to grow 
is the meaningful definition of viability in an evaluation, of which the target is to determine the 
efficiency of treatment to reduce the potential of species in ballast water to proliferate and sur-
vive in the natural environment. For UV treatment systems, the re-growth assay is considered 
the best available methodology for evaluation of viable algae. The re-growth assay analyses is 
not limited to the ≥10 and <50 µm size class; on the contrary, this parameter include planktonic 
algae without reference to size. 
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6.2.3 Bacteria 
For shipboard testing, there are no requirements in the IMO G8 guidelines in relation to the 
density of bacteria in the inlet water or the control discharge water. 

Table 6.6 Average bacterial concentrations. Detailed data are provided in Appendix B.  

Test 

cycle 
Water type E. coli 

(CFU/100 mL) 

Enterococci 

(CFU/100 mL) 

Vibrio cholerae 

(CFU/100 mL) 

BIO-SEA 
Test#1 

Inlet water <10 <10 <1 

Control discharge water n.d. n.d. n.d. 

Treated discharge water n.d. n.d. n.d. 

BIO-SEA 
Test#2 

Inlet water 43 <10 <1 

Control discharge water <10 <10 <1 

Treated discharge water <10 <10 <1 

BIO-SEA 
Test#3 

Inlet water 14 <10 <1 

Control discharge water <10 <10 <1 

Treated discharge water <10 <10 <1 

BIO-SEA 
Test#4 

Inlet water <10 <10 <1 

Control discharge water <10 <10 <1 

Treated discharge water <10 <10 <1 

IMO G8 

Inlet water - - - 

Control discharge water - - - 

Treated discharge water <250 <100 <1 

CFU Colony-forming units 

The contents of E. coli and enterococci in the inlet water and control discharge water were gen-
erally low compared with the IMO D-2 threshold values. In the treated water, the contents of E. 
coli and enterococci were below the detection limit in all three test cycles. Vibrio cholerae was 
not identified in any of the test cycles.  
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A P P E N D I X  A  

Data logging from the shipboard testing with BIO-SEA 
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Table A.1.1 Test cycle data logging; treated water 

Subject Results Comments 

Test cycle No. #1  

Client treatment system BIO-SEA Filtrex 40µm, 10 UV lamps 

Salinity (PSU) 0.2   

Ballast tank No. 5, starboard side  

Location for intake Shanghai  

Date and time intake start 2012.06.26  15:00  

Date and time intake stop 2012.06.26  15.32  

Flow during intake 990 m3/h  

Treated volume during intake 470 m3  

Location for discharge Ningbo 
Discharge was done by the crew 
for security reasons, without 
warning the test team 

Date and time discharge start 2012.06.27  ≈ 22:00   

Date and time discharge stop 2012.06.27  ≈ 23:00  

Flow during discharge n.d.  

Treated volume during discharge n.d.  

Table A.1.2 Test cycle data logging; control water 

Subject Results Comments 

Test cycle No. #1  

Salinity (PSU) 0.2  

Ballast tank No. 5, port side  

Date and time intake start 2012.06.26  10:31  

Date and time intake stop 2012.06.26  11.04  

Flow during intake 990 m3/h  

Volume during intake 580 m3  

Date and time discharge start 2012.06.27  ≈ 22:00   

Date and time discharge stop 2012.06.27  ≈ 23:00  

Flow during discharge n.d. 
Discharge was done by the crew 
for security reasons, without 
warning the test team 

Volume during discharge n.d.  

Table A.1.3 Test cycle data logging; onsite measurements 

Water type 

Dissolved 

oxygen 

(mg/L) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

Turbidity 

(NTU) 

UVT  

(%) 

Inlet water  
(control) 

4.0 
(±0.04) 

0.2 
(±0.01) 

26.7 
(±0.06) 

7.5 
(±0.01) 

83 
(±7.0) 

49 
(±1.5) 

Inlet water 
(treated) 

4.0 
(±0.10) 

0.2 
(±0.02) 

26.4 
(±0.05) 

7.5 
(±0.01) 

96 
(±5.7) 

44 
(±0.58) 

Control discharge  n.d. n.d. n.d. n.d. n.d. n.d. 

Treated discharge  n.d. n.d. n.d. n.d. n.d. n.d. 

* Standard deviations in parentheses 
PSU Practical salinity units 
NTU Nephelometric turbidity unit 
UVT UV transmittance 
n.d. Not determined 

  



DHI  
 

 

EAT/11812218/ Performance evaluation in shipboard test of the BIO-UV ballast water management system BIO-SEA /2013.03.14 15 
 

Table A.2.1 Test cycle data logging; treated water 

Subject Results Comments 

Test cycle No. #2  

Client treatment system BIO-SEA Filtrex 40µm, 10 UV lamps 

Salinity (PSU) 30.4   

Ballast tank No. 7-wings, port + starboard side  

Location for intake Tanjung Pelepas  

Date and time intake start 2012.12.05  20:55  

Date and time intake stop 2012.12.05  22.30  

Flow during intake (start; mid; end) 951; 917; 901 m3/h  

Treated volume during intake 1461 m3  

Location for discharge 
At anchorage outside Tanjung 
Pelepas. GPS point: 0115,70N; 

10333,69E 

During de-ballast, BIO-SEA was 
run with 9 UV lamps  

Date and time discharge start 2012.12.06  22:40  

Date and time discharge stop 2012.12.06  23:40  

Flow during discharge (start; mid; 
end) 

915; 900; 853 m3/h 
 

Treated volume during discharge 889 m3  

Table A.2.2 Test cycle data logging; control water 

Subject Results Comments 

Test cycle No. #2  

Salinity (PSU) 30.7  

Ballast tank No. 4-wings, port + starboard side  

Date and time intake start 2012.12.05  17:20  

Date and time intake stop 2012.12.05  17:55  

Flow during intake (start; mid; end) 908; 770; 762 m3/h  

Volume during intake 474 m3  

Date and time discharge start 2012.12.06  23:50  

Date and time discharge stop 2012.12.07  00:30  

Flow during discharge (start; mid; 
end) 

580; 670; 661 m3/h 
 

Volume during discharge 425 m3  

Table A.2.3 Test cycle data logging; onsite measurements 

Water type 

Dissolved 

oxygen 

(%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

Turbidity 

(NTU) 

UVT  

(%) 

Inlet water  
(control) 

64 
(±0.58) 

31 
(±0.3) 

29.9 
(-) 

7.8 
( -) 

n.d 
84 

(±2.6) 

Inlet water 
(treated) 

64 
(±1.2) 

30 
(±0.1) 

30 
(±0.1) 

7.8 
( -) 

n.d 
83 

(±2.0) 

Control discharge  
76 

(±2.1) 
31 

(±0.1) 
29.9 

(±0.1) 
7.8 
( -) 

n.d 
92 

(±0.3) 

Treated discharge  
83 

(±5.7) 
30  

(±0.4) 
30.5  

(±0.2) 
7.7 
( -) 

n.d 
92 

(±0.3) 

* Standard deviations in parentheses 
PSU Practical salinity units 
NTU Nephelometric turbidity unit 
UVT UV transmittance 
n.d. Not determined 
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Table A.3.1 Test cycle data logging; treated water 

Subject Results Comments 

Test cycle No. #3  

Client treatment system BIO-SEA Filtrex 40µm, 10 UV lamps 

Salinity (PSU) 36.7   

Ballast tank No. 7-wings, port + starboard side  

Location for intake Brisbane, Australia 
During ballast BIO,-SEA was run 
with 9 UV reactors on 

Date and time intake start 2013.01.19  11:35  

Date and time intake stop 2013.01.19  12:40  

Flow during intake (start; mid; end) 850; 836; 844 m3/h  

Treated volume during intake 913 m3  

Location for discharge Sydney, Australia 
During de-ballast, BIO-SEA was 
run with 9 reactors on 

Date and time discharge start 2013.01.21  08:38  

Date and time discharge stop 2013.01.21  09:18  

Flow during discharge (start; mid; 
end) 

842; 825; 819 m3/h 
 

Treated volume during discharge 552 m3  

Table A.3.2 Test cycle data logging; control water 

Subject Results Comments 

Test cycle No. #3  

Salinity (PSU) 36.7  

Ballast tank No. 4-wings, port + starboard side  

Date and time intake start 2013.01.19  10:25  

Date and time intake stop 2013.01.19  10:56  

Flow during intake (start; mid; end) 806; 816; 788 m3/h  

Volume during intake 549 m3  

Date and time discharge start 2013.01.21  09:43  

Date and time discharge stop 2013.01.21  10:25  

Flow during discharge (start; mid; 
end) 

702; 692; 685 m3/h 
 

Volume during discharge 485 m3  

Table A.3.3 Test cycle data logging; onsite measurements 

Water type 

Dissolved 

oxygen 

(%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

Turbidity 

(NTU) 

UVT  

(%) 

Inlet water  
(control) 

81 
(±1.7) 

36.7 
(-) 

27.6  
(±0.2) 

8.0 
(-) 

6.8 
(-) 

92 
(±1.5) 

Inlet water 
(treated) 

82 
(±1.0) 

36.8 
(-) 

27.9  
(±0.2) 

8.0 
(-) 

6.8 
(-) 

92 
(±1.1) 

Control discharge  
73 

(±1.1) 
36.4 

(±2.7) 
25  

(±0.2) 
7.9 
(-) 

3.1 
(±0.3) 

94 
(±4.5) 

Treated discharge  
81 

(±4.0) 
36.7 

(±0.1) 
27 

(±0.1) 
7.9 
(-) 

3.3 
(±0.3) 

98 
(±1.5) 

* Standard deviations in parentheses 
PSU Practical salinity units 
NTU Nephelometric turbidity unit 
UVT UV transmittance 
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Table A.4.1 Test cycle data logging; treated water 

Subject Results Comments 

Test cycle No. #4  

Client treatment system BIO-SEA Filtrex 40µm, 10 UV lamps 

Salinity (PSU) 33.8   

Ballast tank No. 7-wings, port + starboard side  

Location for intake Melbourne, Australia 

During ballast, BIO-SEA was run 
with 9 UV reactors on. At the end 
of the ballast operation, BIO-SEA 
was run with only 8 UV reactors 
on. 

Date and time intake start 2013.01.24  15:47  

Date and time intake stop 2013.01.24  17:10  

Flow during intake (start; mid; end) 886; 820; 796 m3/h  

Treated volume during intake Approx. 1.154 m3  

Location for discharge 
At open sea. GPS point: 

3651,0S; 13908,1E, Australia 
During de-ballast, BIO-SEA was 
run with 9 reactors on 

Date and time discharge start 2013.01.26  09:17  

Date and time discharge stop 2013.01.26  10:03  

Flow during discharge (start; mid; 
end) 

849; 820; 823 m3/h 
 

Treated volume during discharge Approx. 637 m3  

Table A.4.2 Test cycle data logging; control water 

Subject Results Comments 

Test cycle No. #4  

Salinity (PSU) 34.4  

Ballast tank No. 4-wings, port + starboard side  

Date and time intake start 2013.01.24  14:25  

Date and time intake stop 2013.01.24  15:28  

Flow during intake (start; mid; end) 876; 890; 879 m3/h  

Volume during intake 926 m3  

Date and time discharge start 2013.01.26  10:17  

Date and time discharge stop 2013.01.26  10:58  

Flow during discharge (start; mid; 
end) 

690; 681; 645 m3/h 
 

Volume during discharge 459 m3  

Table A.4.3 Test cycle data logging; onsite measurements 

Water type 

Dissolved 

oxygen 

(%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

Turbidity 

(NTU) 

UVT  

(%) 

Inlet water  
(control) 

71 
(±1.2) 

34.3 
(-) 

22  
(-) 

7.9 
(-) 

4.8 
(-) 

87 
(±0.3) 

Inlet water 
(treated) 

78 
(±11.0) 

33.9 
(±0.2) 

22.4  
(±0.6) 

7.9 
(-) 

5.5 
(-) 

87 
(±1.0) 

Control discharge  
76 

(±0.4) 
34.4  
(-) 

19.5  
(±0.1) 

7.8 
(-) 

5.5 
(-) 

90 
(±1.1) 

Treated discharge  
73 

(±0.8) 
34.1  
(-) 

21.3 
(±0.1) 

7.8 
(-) 

7.6 
(±6.6) 

89 
(±4.3) 

* Standard deviations in parentheses 
PSU Practical salinity units 
NTU Nephelometric turbidity unit 
UVT UV transmittance 
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A P P E N D I X  B  

Detailed data for physical and chemical properties and  

biological efficacy analyses in shipboard testing of BIO-SEA 
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Physical-chemical parameters 

Table B.1 Measurements of total suspended solids (TSS) 

Test 

cycle 
Water type 

TSS (mg/L) 

FR1 FR2 FR3 AVG STD 

#1 

Inlet  161 153 120 145 22 

Treated water (T0) n.d. n.d. n.d. - - 

Control discharge  n.d. n.d. n.d. - - 

Treated discharge  n.d. n.d. n.d. - - 

#2 

Inlet  61 63 106 77 25 

Treated water (T0) 44 41 47 44 3.2 

Control discharge  9.0 8.0 8.0 8.3 0.04 

Treated discharge  95 18 18 43 45 

#3 

Inlet  15 13 16 14 1.6 

Treated water (T0) 20 18 18 19 1.2 

Control discharge  17 13 14 15 2.3 

Treated discharge  17 17 11 15 3.1 

#4 

Inlet  16 17 17 17 0.4 

Treated water (T0) 17 17 15 16 1.4 

Control discharge  12 13 14 13 1.3 

Treated discharge  16 17 38* 24 12 

FR Field replicate 
AVG Average 
STD Standard deviation 
* An extreme high turbidity was measured during sampling of FR3 
n.d. Not determined 

Table B.2 Measurements of particulate organic carbon (POC) 

Test 

cycle 
Water type 

POC (mg/L) 

FR1 FR2 FR3 AVG STD 

#1 

Inlet  1.9 1.6 2.2 1.9 0.34 

Control discharge  n.d. n.d. n.d. - - 

Treated discharge  n.d. n.d. n.d. - - 

#2 

Inlet  0.87 1.4 1.1 1.1 ±0.26 

Control discharge  0.56 0.57 0.48 0.53 ±0.05 

Treated discharge  0.90 0.81 0.84 0.85 ±0.05 

#3 

Inlet  0.87 <0.1 <0.1 0.46 ±0.58 

Control discharge  <0.1 <0.1 <0.1 <0.1 - 

Treated discharge  <0.1 <0.1 <0.1 <0.1 - 

#4 

Inlet  <0.1 <0.1 <0.1 <0.1 - 

Control discharge  <0.1 <0.1 0.11 <0.1 - 

Treated discharge  <0.1 <0.1 <0.1 <0.1 - 

FR Field replicate 
AVG Average 
STD Standard deviation 
n.d. Not determined 
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Table B.3 Measurements of dissolved organic carbon (DOC) 

Test 

cycle 
Water type 

DOC (mg/L) 

FR1 FR2 FR3 AVG STD 

#1 

Inlet  2.4 2.4 2.4 2.4 0.03 

Control discharge  n.d. n.d. n.d. - - 

Treated discharge  n.d. n.d. n.d. - - 

#2 

Inlet  0.53 0.21 0.23 0.32 ±0.18 

Control discharge  0.46 0.52 0.57 0.52 ±0.06 

Treated discharge  0.25 0.30 0.32 0.29 ±0.03 

#3 

Inlet  1.3 1.1 1.2 1.2 ±0.10 

Control discharge  1.3 1.3 1.3 1.3 ±0.01 

Treated discharge  1.2 1.1 1.3 1.2 ±0.11 

#4 

Inlet  1.2 1.1 0.89 1.1 ±0.17 

Control discharge  0.78 0.79 0.79 0.79 ±0.01 

Treated discharge  0.93 0.78 0.83 0.85 ±0.08 

FR Field replicate 
AVG Average 
STD Standard deviation 
* Sample lost 
n.d. Not determined 
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Organism size class ≥50 µm  

Table B.4 Enumeration of organisms ≥50 µm and sample volumes 

Test 

cy-

cle 

Water type 

Organisms ≥50 µm 

FR1 FR2 FR3 AVG 
STD 

vol. m3 org./m3 vol. m3 org./m3 vol. m3 org./m3 org./m3 

#1 

Inlet 1.167 12,748 1.195 * 1.208 12,639 12,694 77 

Treated water (T0) 1.0 990** n.d. n.d. n.d. n.d. 990** - 

Control discharge n.d. n.d. n.d. n.d. n.d. n.d. - - 

Treated discharge n.d. n.d. n.d. n.d. n.d. n.d. - - 

#2 

Inlet 1.100 30,039 1.100 23,591 1.044 24,360 25,997 3,522 

Treated water (T0) 1.094 0.91 1.100 1.8 1.090 1.8 1.5 0.53 

Control discharge 1.033 15,744 1.044 13,300 1.017 12,947 13,997 1,523 

Treated discharge 3.177 1.3 3.100 1.9 3.174 1.6 1.6 0.34 

#3 

Inlet 1.044 5,251 1.064 5,901 1.054 5,122 5,425 418 

Treated water (T0) 1.307 0.77 1.323 2.3 1.311 1.5 1.5 0.75 

Control discharge 1.086 5,731 1.089 6,633 1.054 7,581 6,648 925 

Treated discharge 3.202 3.4 3.190 1.9 3.209 0.93 2.1 1.3 

#4 

Inlet 1.320 177,455 1.320 180,352 1.318 167,334 175,047 6,835 

Treated water (T0) 1.556 4.5 1.554 10.4 1.501 7.5 7.5 2.9 

Control discharge 1.146 49,018 1.157 50,772 1.145 44,473 48,088 3,251 

Treated discharge 3.308 2.1 3.265 1.5 3.281 4.3 2.6 1.5 

FR Field replicate 
AVG Average 
STD Standard deviation 
n.d. Not determined 
* Sample lost due to broken string on sampling net 
** Only one replicate counted 
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Organism size class ≥10 and <50 µm 

Table B.5 Enumeration of organisms ≥10 µm and <50 µm by microscopy using Lugol preservation (inlet) 

and CMFDA/FDA viable stain (control and treated discharge), respectively. * numbers in pa-

renthesis represent viable organisms within the size 6-9 µm. 

Test 

cycle 
Water type 

Organisms/mL 

FR1 FR2 FR3 AVG STD 

#1 

Inlet (Lugol) 195 163 116 158 40 

Control discharge 
(CMFDA/FDA) 

n.d. n.d. n.d. - - 

Treated discharge 
(CMFDA/FDA) 

n.d. n.d. n.d. - - 

#2 

Inlet (Lugol) 74 (+41)* 76 (+42)* 104 (+15)* 85 (+33)* ±16.8 (±15.3) 

Control discharge 
(CMFDA/FDA) 

9.3 11 10.3 10.2 ±0.9 

Treated discharge 
(CMFDA/FDA) 

0.6 0.4 1.2 0.73 ±0.42 

#3 

Inlet (Lugol) 517 455 537 503 ±42 

Control discharge 
(CMFDA/FDA) 

258 226 234 239 ±17 

Treated discharge 
(CMFDA/FDA) 

0.83 0 0.17 0.33 ±0.4 

#4 

Inlet (Lugol) 832 717 800 783 ±59 

Control discharge 
(CMFDA/FDA) 

210 206 212 209 ±4.1 

Treated discharge 
(CMFDA/FDA) 

2.5 0.83 1.8 1.7 ±0.84 

FR Field replicate 
AVG Average 
STD Standard deviation 
n.d. Not determined 

Table B.6 Determination of viable algae by the re-growth assay 

Test 

cycle 
Water type 

Viable algae (organisms/mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG 

#1 

Inlet  >160 >160 >160 - - - - - - >160 

Control discharge n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

Treated discharge n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

#2 

Inlet  160 >160 >160 - - - - - - >160 

Control discharge >160 >160 >140 - - - - - - >153 

Treated discharge <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 

#3 

Inlet  >160 >160 >160 - - - - - - >160 

Control discharge >160 >160 >160 - - - - - - >160 

Treated discharge 
2.3  

(0.9-6.1) 
0.20 

(0.03-1.4) 
0.45 

(0.11-1.8) 
0.20 

(0.03-1.4) 
0.18 

(0.02-1.4) 
<0.18 <0.18 <0.18 <0.18 0.45 

#4 

Inlet  >160 >160 >160 - - - - - - >160 

Control discharge >160 >160 >160 - - - - - - >160 

Treated discharge 
0.20 

(0.02-1.4) 
0.78 

(0.25-2.4) 
0.20 

(0.03-1.4) 
<0.18 <0.18 

0.45 
(0.11-1.8) 

<0.18 
0.20 

(0.03-1.4) 
<0.18 0.28 

FR Field replicate 
AVG Average 
( ) 95% confidence interval 
n.d. Not determined 
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Bacteria 

Table B.8 Enumeration of E. coli 

Test 

cycle 
Water type 

E. coli (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge n.d. n.d. n.d. - - - - - - - - 

Treated discharge n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - - 

#2 

Inlet 43 21 65 - - - - - - 43 ±14 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#3 

Inlet 21 <10 <10 - - - - - - 14 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#4 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
n.d. Not determined 

Table B.9 Enumeration of enterococci 

Test 

cycle 
Water type 

Enterococci (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge n.d. n.d. n.d. - - - - - - - - 

Treated discharge n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - - 

#2 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#3 

Inlet <10 <10 10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#4 

Inlet 10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge 10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
n.d. Not determined 
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Table B-10 Enumeration of Vibrio cholerae 

Test 

cycle 
Water type 

Vibrio cholerae (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet <1 <1 <1 - - - - - - - - 

Control discharge n.d. n.d n.d - - - - - - - - 

Treated discharge n.d n.d n.d n.d n.d n.d n.d n.d n.d - - 

#2 

Inlet <1 <1 <1 - - - - - - - - 

Control discharge <1 <1 <1 - - - - - - - - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 - - 

#3 

Inlet <1 <1 <1 - - - - - - - - 

Control discharge <1 <1 <1 - - - - - - - - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 - - 

#4 

Inlet <1 <1 <1 - - - - - - - - 

Control discharge <1 <1 <1 - - - - - - - - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 - - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
n.d. Not determined 
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AMENDMENT 
 

 

QAPP 

Performance evaluation in shipboard test of the BIO-UV ballast water 

management system BIO-SEA. 

Amendment number 1 

26.11.2012 

 

Amendment Comments  

Analyses (Organism size class ≥10 µm and < 50 µm: The test parameter ‘Primary 

production’ has been removed from the applied analysis and replaced by the viable stain 

technique ‘CMFDA/FDA staining’. The methodology is described in SOP 30/1701. 

 

Reason for Amendment 

Implementation of the analysis parameter Primary production require the use of 

radiolabelled substances (C
14

). Due to security reasons related to shipping of 

radiolabelled compounds the analysis parameter will not any longer be used during 

shipboard testing.  

 

Impact of Amendment 

None.  

 

Preventive Action 

The viable stain technique ‘CMFDA/FDA staining’ will be used for determining the 

number of viable organisms in the size range ≥10 µm and < 50 µm in the control and 

treated discharge water. After sampling on board the ship the samples will be shipped to 

DHI for further analysis. 

 
Gitte I. Petersen 

Project manager  

 

Date: 26.11.2012  

 

 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance 

Unit. 
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